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© A process for producing a UV-absorbing green glass. 

© The invention concerns a process for making green glass permeable to visible light and highly absorbing to 
ultraviolet radiation, by treating a men of a soda-lime glass under oxidizing conditions with a gas, said melt 
containing chromium compounds and nitrate. . 

In order to be able to use recycterglass; fnore in particular containing iron contamination, the invention is 
characterized by blowing an oxidizing gas' into the melt of the glass, which contains at least 0.3% by weight of 
chromium, calculated as Cr^ 0.2-2.0% by weight of Na nitrate, no more than 1.5% by weight of Na sulphate, 
and 15 to 65% by weight of recycle glass. 
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A process for producing a UV-absorbing green glass 

The present invention relates to a process for producing a UV-absorbing green glass that is permeable 
to viable light and h.ghly absorbent to ultraviolet radiation, which glass is suitable for the manufacture of 
containers for products sensitive to UV radiation, by treating a glass melt in a tank furnace with a gas blown 
into the furnace through nozzles. 
5 French patent 1,275,824 discloses a process for making a UV-absorbing green glass by oxidizing 
tnvalent chromium compounds in the glass melt to hexavalent chromium in the presence of Na nitrate 

UV-absorbing glasses are used, among other purposes, for the manufacture of containers for light- 
sensitive products. Examples of undesirable photochemical reactions caused by short-wave light in 
particular UV radiation, are deterioration in flavour in the case of beer, wine and soft drinks, rancidificalion of 
70 oils, and loss of vitamines. for example, in milk. 

The light-induced deterioration in the quality of beer is known , from "Untersuchungen zur Licht- 
durchlass.gkeit von Flaschen. Glasern und deren B.edeutwg fur die- QuMatserhaltung von Bier". Heinrich 
VogelpohL-Weihenstephan, July 1981. pp. 44-50. According to this publication, radiation between 300 and 
500 ran, i.e. partially UV radiation and partially visible light, is harmful to beer. 

In order to prevent, or at any rate reduce, such undesirable reactions mduced by light, it is known to 
use contemers, for example bottles, made of brown or amber-coloured glass. Such glasses, however have 
the ^advantage that, with a sufficient absorption of UV radiation, their transparency is relatively low so 
that a wsual observation and inspection of trie, product is difficult, if not downright impossible. The use of 
green glass for packing beverages, therefore, has a sales-promoting effect. • ■ 

The use of green glass to protect UV-radiation sensitive products/is also known. From "Colour 
Generation and Control in Glass", C.R. Bamford. 1977, page 46, it-is further known that chromium- 
containing green glass is highly absorbing in the short-wave range of the spectrum, and that, for attunement 
between permeability in the visible range and. absorption,* the ultraviolet range, the ratio between trivalent 
and hexavalent chromium is of particular importance. Hexavalent chromium will absorb more in the UV 
25 range and trivalent chromium in the visible range.' 

On' the basis of fundamental knowledge abbufthe effect of ehrb.rr.ium and its.valency on the absorption 
characteristics ,n the visible and ultraviolet ranges.' various glasses and process for their preparation have 
been proposed. Indeed, the basic starting point is that, to achieve . a sufficiently high degree of oxidation to 
convert tnvalent chromium oxide to hexavafent chrornjum oxide, the iron content should be kept as tow as 
30 possible. This is only possible by using expensive .starting materials poor in iron, and by avoiding impurities 
which may be caused, for example, by recyding; glass. See for example the article by GOIdal and Apak "A 
Sm°oJ: of 3 lndUStrial ***** Green Qiasses < Journal °f Non-Crystalline Solids 39 & 39 

The object of the present invention is to provide a.process for preparing UV-absorbing green glass 
35 wh,ch glass exhibits UV-absorption in the range below 500 nm comparable to brown gis but whTch 
process^ add.tion makes possible the use" of inexpensive starting materials, specifically those having high 
iron contents and many impurities, such as recycling glass. ' 

According to the present invention, this object is achieved by blowing an oxidizing gas into the melt of 
the glass which glass contains at least 0:3% by weight of chromium, calculated as Cr^. 0.2-2 0% by 
weight of Na nitrate, no more than 1.5% by weight of Ma sulphate, and 15 to 65% by weight of recycle 

Advantageously, as will be indicated 1 further hereinafter, the oxidizing gas used in the process according 
to the present invention is technically pure oxygen, or air enriched in oxygen. Specifically, the content of 
molecular oxygen is more than 50 or 95% by volume. 

According to the present invention, it has been found to be possible to limit the amount of added 
chrom.um compounds without detracting from the UV-absorbing effect, if the amount of fluorine and 
chlonde in the staffing products is minimized. This can be accomplished by starting from soda with a low 

2tl e l° I n by v wei 9 ht >' not addi "9 fluorspar (a source of fluorine), and avoiding plastic-coated 
recycle glass (PVC source) as much as possible. 

Preferably, the content of fluorine and chloride is each restricted to maximum 0.01% by weight 
preferably maximum 0.001% by weight. Limiting the amount of chromium in the glass has two advantages" 
First chromium-containing raw materials are expensive, so that a limitation of the chromium content is 
advantageous, and second glass with a high chromium content is difficult to re-use. 
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Advantageously, the starting product in the process according to the present invention is a mixture of 
the following starting products (in kg, calculated on 1000 kg glass mixture): 

sand 300-400 kg 

s soda 50-150 kg 

limestone 60-105 kg 

dolomite 0-25 kg 

phonolite 0-40 kg 

fieldspar 0-45 kg 

to chromium ore 0-15 kg 

chromium oxide 0-5 kg 

chromium slag 0-70 kg 

sodium sulphate 0-11 kg 

nitrate 4-15 kg . ' , . , 

75 fragments' 350-586 kg i ;* ... 
* ' - with at' least one of the quantities of chromium ore, chromium oxide and chromium siag not being zero. 

According to the present invention there is thus produced a glass having the following composition (in 
% by weight): 

SiOj 70-74 % by weight 

so' AkOi 1.5-2.5 % by weight 

FejOi 0.25-0.7 % by weight 

chromium oxide 0.3-0^85 % by' weight (as Crtfh) 

CaO 10-1 1 % by weight 

MgO 1-2 % by weight 

25 1 NaaO 12-14 % by weight 

KjO ' 0.4-i % by weight 

SCh 0.1-0.3 ' % by weight 

' The combination of the starting materials used according to the invention, the introduction of an 
oxidizing gas. preferably oxygen, surprisingly gives the following advantages: 
30 1. sufficient oxidation of the organic impurities of the fragments used, as will be further elaborated 

"hereinafter; 

2. shift of the Fe-ll/Fe-lll ratio to higher values, whiph also affects colour and heat absorption; 

3. improvement of refinement; 

4. /eduction of rejects as a result of silicon inclusions; and 
55 5. increase of the melting capacity by about 5%. 

' The varying amounts and kind of organic impurities introduced by the fragments (recycle glass) and 
starting materials lead to a continuously changing reduction potential. The resulting required changes of the 
redox potential of. the melt result in ^deterioration in quality (changes in heat absorption resulting from 
varymg |R transmission, varying degasing conditions). The oxidation of the impurities by the oxidizing gas. 
40 such as oxygen, provides the basis^fpra particularly constant redox potential of the meit 

In the case of green glass, tha colour of the glass, and also the IR transmission, are greatly influenced 
by the degree of oxidation of the. melt the use of oxygen makes for easy and exact control within a 
specific band width. ^ . , 

The green glass obtained by using the process according to the present invention has a dominant 
45 wavelength (X dominant) whiqh may be in the vicinity. of 550-565 nm. 

The presence of trivalent chromium, in combination with possibly other coloured compounds that may 
be present, determines the exact dominant wavelength. When O2O3 is partially replaced by up to 0.2% by 
weight ot nickel oxide, the colour is shifted to olive green. The other characteristics of the glass, however, 
are not thereby changed. 

so The permeability to infrared radiation in the range of the Fe z+ band is increased by about 20-30%. The 
increased permeability to infrared radiation leads to an improved heat absorption by the glass melt. 

The use of oxygen as an oxidizing gas instead of air gives a- dear improvement in refinement- The 
oxygen is preferably substantially free from impurities, i.e., its content of molecular oxygen is more than 
95% by volume. It is also possible, however, to use oxygen with a higher content of inert gases, for 

55 example, oxygen containing at least 50% by volume of molecular oxygen. By using pure oxygen, the 
number of gas bubbles with a diameter less than 1 mm on average was reduced from 1 .8 to 0.7/g glass, 
and particularly the larger diameter bubbles disappeared. This is a considerable improvement in glass 
quality. 
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Preferably, in addition to the saltpetre or nitrate, a minor proportion of sodium sulphate is f/ssd, for 
example, minimum 1 kg per 1000 kg of glass Latch. This has a particularly favourable effect on th> Amber 
' of bubbles. High proportions of suiphate, as often used according to the state of the art (10-20 kg j00 kg 
glass batch) are preferably not used, because this leads to a great increase in foaming, which has an 
5 adverse effect on heat transmission. 

„ The manufacture of the glass takes place at conventional temperatures such as 1400 to 1500°C. 
As, in the case of soda lime glass, the larger gas bubbles in the melt, prior to refinement,, often contain 
CO2, N2 and H2O, oxygen as a refinement gas is particularly effective, in fact in this case the difference in 
concentration between the melt and the gas bubbles is largest. There is then a diffusion of the refinement 
70 gas (in this case O2 and SO2) to the bubbles, as a result of which these become larger as the temperature is 
increased, and escape from the melt When the temperature is decreased (for example, in the tank furnace 
and the supply chute) the gas bubbles are diffused back into the melt, which leads to a resorption of, 
particularly, the small gas^ bubbles. 

When fragments-, i.e. recycle glass contaminated with aluminium (capsules, foils) are used, there is the 
,75 danger of the reduction of silicon , dioxide (SjCy by aluminium, to, elemental silicon, which separates in the 
glass in the form of compact spheres. On account of the large difference in coefficient of expansion of 
glass, on the one hand, and silicon, on the other, high compressive stresses are present in the giass after 
cooiing which lead to breakage right away, or in the event of minor mechanical loads. When oxygen is used 
for inflation, rejects owing to silicon inclusions are greatly reduced'. In fact" it has been found that, when 
.20 sufficiently finely divided, aluminium is oxidized to AI2O3, but that, on the other hand, the oxidation of 
elemental silicon, once formed, is not very probable, as a Si02 protective skin is formed during the 
oxidation, which prevents further oxidation': According to the present invention reduction of silicon oxide 
takes place to a much lesser extent. ;-/' 

In the process according to the invention, preferably 1-2 Nm 3 of oxygen is used per tonne of glass. The 
25 quantity of oxygen used per tank furnace is about 10-20 Nm 3 /huur, whicirls preferably introduced by means 
of 10-20 nozzles. More particularly such nozzles are arranged in 2 rows, at least one of which is present in 
the melting zone of the tank furnace. 
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Examples I-IV 

In the following examples, a number of fixtures are described that can be used according to the 
present invention. 
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The chemical analysis of the glasses made from 
the above mixtures are, in % by weight, as follows: 
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II 


III 


IV 


SiC>2 


71. 2% 


71. 0% 


71. 0% 


71. 9% 


A1 2 0 3 


1. 9% 


1. 9% 


1. 9% 


2.1% 


Fe 2 0 3 


0. 5% 


0. 7% 


0. 4% 


0-33% 


Cr 2 0 3 
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0-4% 


CaO 
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0-8% 


S0 3 


0- 2% 


0. 2% 


0-2% 


0-2% 



The optical transmission, measured in a sample 2 mm thick is f for the above glass compositions, as 
follows: 
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The so-called dominant wavelength (X dominant) is 558 nm for al! of the above glass compositions. 
10 The glass compositions described above were obtained in a tank furnace under the following conditions: 

melt yield 151.1 t/d 

content of fragments (calculated on the 

molten glass) 42.03 
75 moisture content (calculated on the 0 " ' " 

starting materials including fragments) 2.0% 

oil consumption 745 l/h 

supplementary electrical heating 91 0 kW 

specific melting capacity 2568 t/m 3 d 
20 specific heat consumption (without - 

additional electrical heating) 4419 kJ/kg 

specific heat consumption (including 

supplementary electrical heating) 4929 kJ/kg 

oxygen inflation through 12 nozzles into the 
25 melt and into the refinement zone about 12 m 3 /h. 

The above results show that it is possible, using relatively inexpensive starting materials, and using 

about 40% recycle glass, to achieve better UV absorption values than was possible according to the state 

of the art. It is in addition apparent that the present process makes it possible to increase the capacity of a 

tank furnace. 

30 As appears from Example III, it is also possible, according to the present invenYfon, in a manner known 
per se. to replace the proportions of chromium ore or chromium oxide used fully or partially by a chromium 
oxide-containing waste slag from the electrbsteel manufacture. By using this waste stag, which normally can 
just be disposed of on a dump, it is possible not only td achieve an improvement in melting, but also to 
reduce the amount of saltpetre necessary t6~achieve■ the desired oxidation to about half. 

as in tne accompanying Figure, the curves for the percent permeability for wavelengths of between 350 
and 650 nm, through a sample 2 mm thick, are shown for the glass compositions of Examples I, II and III, 
as compared with the corresponding curve for normal green glass. This last sample, however, was 2.5 mm 
tricky * : 

As v rt ctea-, the normal green glass transmits a very large portion of the ultraviolet radiation in the range 

*o of between 350 and 500 nm, whereas the 'glass produced in accordance with the present invention exhibits 
a htigh absorption in this range: 1 h . ; 

Depending on the desired absorption In thFs ? range, Ihe content of hexavalent chromium is at least 
0.01% by weight, calculated on the glass, in particular 0.02 to 0.07% by weight. When a proportion of at 
least 0.04% by weight is used, a very favourable absorption is obtained.' 

45 ' :j:v 

Claims 

1. A process for making green glass permeable to visible light and highly absorbing to ultraviolet 
50 radiation, by treating a melt of a soda-lime glass under oxidizing conditions with a gas, said melt containing 

chromium compounds and nitrate, characterized by blowing an oxidizing gas into the melt of the glass, 
which contains at least 0.3% by weight of chromium, calculated as Cr203 0.2-2.0% by weight of Na nitrate, 
no more than 1.5% by weightof Na sulphate, and 15 to 65% by weight of recycle glass. 

2. A process as claimed in claim 1, characterized by starting from raw materials whose fluorine and/or 
55 chloride content is as low as possible. 

3. A process as claimed in claim 2, characterized in that the fluorine content in the glass batch is no 
more than 0.01% by weight, preferably no more than 0.001% by weight 
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4. A process as claimed in claim 2 or 3. characterized in that the chloride content in the glass batch is 
no more than 0.01% by weight, preferably no more than 0.001% by weight, 

5. A process as claimed in claims 1-4, characterized by using as the oxidizing gas an oxygen 
containing at least 50% by volume of molecular oxygen. 

s 6. A process as claimed in claim 5; characterized in that the gas contains at least 95% by volume of 
molecular oxygen. 

7. A process as claimed in claims 1-6, characterized by preparing a glass batch having the following 
composition in kg, calculated on 1000 kg of glass batch 

sand 300-400 kg 
70 soda 50-150 kg 

limestone 60-105 kg 

dolomite 0-25 kg 

phono lite 0-40 kg 

fieldspar 0-45 kg 
js chromium ore 0-15 kg . . . _ 

chromium oxide 0-5 kg 

chromium slag 0-70 kg 

sodium sulphate 0-1 1 kg 

nitrate 4-1 5 kg r 
20 fragments 350-586 kg 

in which at least one of the proportions of t chromium ore, chromium oxide and chromium slag is not zero. 

8. A process as claimed in claims 1-7, "characterized in that the product glass has the following 
composition: 

25 . 

. Si0 2 70-74 % by weight 

. AiaOa 1.5-2.5 % by weight 

FesCb 0.25-0.7. % by weight 

chromium oxide 0.3-0.85 % by weight (as O2Q3) 
30 CaO . 10-11 % by. weight * 

MgO ; 1-2. % by weight 

NasO -. 12-14 % by weight 

/ K2O . " 0.4^1' % by. weight 
, , , S03 ,. . . 0,1-0.3 % by weight. 

$$„, . 9. A process, as .claimed in claims 1-8, characterized in that the conditions are chosen so that the glass 
contains a proportion of at least 0.01% by weight of chromium (VI) oxide. 

10. A process as claimed in claim 9, characterized in that the proportion of chromium(VI)oxide is 
between 0.02 and 0.07% by weight 

11. A process as claimed in, claims V10. characterized in that the chromium oxides are replaced in full 
.40 or in part, by a proportion of no more^thah 0.2% by weight of nickel oxide. 

12. A process as claimed in claims f-10, characterized by using 1-3 m 3 of oxygen per tonne of glass. 

13. A process as claimed in, claim .12, characterized in that about 10-20 m 3 of oxygen per hour is 
supplied through. 10-20 nozzles! , . 

14. A process as claimed jn claim 13,, characterized in that said nozzles are arranged in two rows, at 
45 least one row being positioned in trie melting zone of the tank furnace. 

15. A container, in particular a bottle, for products sensitive to UV radiation, consisting in full or in part 
of glass produced in accordance with claims 1-14. 
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